INTRODUCTION {#sec1-1}
============

Atherosclerotic disease of the coronary arteries is one of the most common causes of mortality and morbidity. Despite all the methods of diagnosis and the new strategies in the treatment of patients, cardiovascular diseases (CVDs) are considered as the most important cause of mortality in Iran over the last decade.[@ref1] A number of known risk factors have been recognised for this disease, but less known factors such as trace elements may have a role in the progress of atherosclerosis.[@ref2] The serum level of copper (Cu) and oxidants like free radicals have also been considered in coronary artery disease (CAD).[@ref3][@ref4]

Several studies show that atherosclerosis is characterised with fatty fibrous plaques, localised in intima. Endothelial damage is the most important factor in the atherosclerotic process.[@ref5] The main effect of these factors on the endothelium is oxidative stress, lipid peroxidation and the formation of free radicals. Eventually, the structure of the endothelium is damaged. The essential element Cu acts as micro sources in biochemical reactions. Cu and CVD may be associated directly, through a direct effect on the vascular endothelium, or indirectly through lipoprotein metabolism. Copper ions can convert the superoxide and the hydrogen peroxide into the highly harmful hydroxyl radical that can damage to endothelium.[@ref6]

The aim of this study is investigation about relationship between serum levels of Cu and the severity of atherosclerosis measured by Syntax score.

MATERIALS AND METHODS {#sec1-2}
=====================

This is a cross-sectional study conducted on patients hospitalised in Sari Heart Centre, Mazandaran University of Medical Sciences from February 2010 to July 2012. Written informed consent was obtained from all enrollees, according to the criteria of the Ethical Committee of Mazandaran University of Medical Sciences.

The sample consisted in 337 patients with chronic stable angina that each of them had been admitted for diagnostic coronary angiography into typical indications, such as evaluation of stable exertional angina.

The patients who had history of infectious disease in recent 2 months, collagen vascular disease and recent cardiac events were ineligible.

Coronary angiography was performed by the Judkins technique through femoral artery access and the angiograms evaluated by two cardiologists who were blinded to the study plan.

All patients divided into four groups to evaluate severity of CAD according to Syntax scoring system.

The diagnosis of CAD was based on the presence of 50% luminal diameter stenosis of the major epicardial coronary artery which determined in a standard manner during the coronary angiograms. The percent diameter stenosis is not considered in the algorithm. Distinction has been made only between occlusive (100% diameter stenosis) and non-occlusive (50-99% diameter stenosis) disease. A multiplication factor of 2 is used for non-occlusive lesions and 5 for occlusive lesions. CAD was categorised to mild for scores 1-22, moderate for 23-32 and severe for scores 33and higher.[@ref7][@ref8]

Cardiovascular risk factors including age, sex, systolic and diastolic blood pressure, smoking status, history of dyslipidaemia, diabetes, etc. were assessed for each subject.

Dyslipidaemia was defined as total cholesterol (TC) to high-density lipoprotein (HDL) more than 4. Hypertension (HT) is defined as a systolic blood pressure above 140 mmHg, or diastolic blood pressure above 90 mmHg, respectively, or current use of antihypertensive medication. Diabetes mellitus (DM) is defined as a known history of DM (fasting blood glucose 126 mg/dl or glucose tolerance test (GTT) higher than 200 mg/dl or treatment with insulin or oral hypoglycaemic agents. Different categories of cigarette smoking status are defined according to world health organisation (WHO) guidelines.[@ref9] Daily smoker is defined as who smokes cigarettes at least once a day; occasional smoker is who smokes cigarettes but not every day; ex-smoker is formerly daily or occasional smoker who currently does not smoke and never smoked defined as who never smoked before or smoked too little in the past.

Blood samples were collected after 14-hours fasting for measurement of total cholesterol, HDL- cholesterol, glucose immediately before the coronary angiography was started. The samples were centrifuged at 3,000 g for 10 min at ambient temperature. The serum obtained was separated and frozen at −80°C until the time of analysis. Cu levels were assayed by flame atomic absorption spectrophotometer on an A100 variant. Then, the concentrations were determined following preparation of calibration curves and evaluation of line equation.

Statistical analyses {#sec2-1}
--------------------

Data were analysed using the Statistical Package for the Social Sciences (SPSS)-16 software. Baseline demographic and laboratory data are presented for continuous variables as mean ± SD and discrete variables as frequencies. Parametric and non-parametric data analysed with t-test and chi-square between normal and total atherosclerotic groups. The mean difference of Cu level between four groups was analysed using a one-way analysis of variance (ANOVA). *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Comparison of demographic data between groups {#sec2-2}
---------------------------------------------

[Table 1](#T1){ref-type="table"} summarises the demographic data for subjects. There was no significant difference in smoking habits, occurrence of DM and HT, serum TC/HDL and blood glucose levels between four groups.
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Blood cu level in all groups {#sec2-3}
----------------------------

The main results are summarised in [Table 2](#T2){ref-type="table"}. The serum level of Cu in normal coronary group was significantly lower than the total atherosclerotic groups (*P* value = 0.001). The serum level of Cu was significantly increased with severity of atherosclerosis and significantly upper in sever atherosclerotic patients (33 Syntax scores and above it) than mild and moderate CAD groups. (*P* value = 0.001).

###### 

The serum level of Cu in four groups

![](NMJ-56-39-g002)

Therefore, there were significant differences in serum level of Cu between normal coronary group and atherosclerotic patients and between CAD groups.

DISCUSSION {#sec1-4}
==========

CAD has been associated with several risk factors including sex, age, dyslipidaemia, diabetes mellitus, cigarette smoking and hypertension.[@ref10]

Oxidation is an important pathway in the pathogenesis of CAD through oxidation of low-density lipoprotein (LDL) and free radical formation[@ref11][@ref12] and Cu is essential micronutrient for enzymes that catalyse oxidation--reduction reactions.[@ref12]

In this study, higher serum level of copper in patients with atherosclerosis compare of the normal group was detected. On the other hand, the serum level of Cu increased dependent to degree of atherosclerosis. These findings suggest that high level of this element may play a role in atherosclerotic process.

Various studies have shown the results consistent of present research. Nourmohammadi *et al*. investigated that serum Cu level were significantly upper in patients with CAD than in healthy subjects.[@ref13] Shokrzadeh *et al*. determined the levels of Cu in 30 patients with ischemic cardiomyopathy diagnosed with coronary angiography. They found higher serum Cu levels in the patient groups than in the healthy subjects.[@ref14] In a study performed in patients with acute coronary syndrome by Altekin *et al*., there was the positive correlation between serum Cu levels with elevated troponin T, troponin I and CK-MB values (≥0.9, ≥1.0 and ≥30 ng/ml, respectively).[@ref15] The same results were declared by Cikim *et al*. in patients with acute coronary syndrome.[@ref16] Neither of these studies included stable coronary artery disease. Our study was performed in patients with stable angina and we found that serum level of copper is higher in CAD patients than normal group. The relationship between serum Cu levels and CAD is controversial in some studies.[@ref17][@ref18] Alissa *et al*. proposed that serum Cu level had not significant difference in CAD group and healthy subjects[@ref6] but in his study, case and control groups were not completely matched.

In the present study, all groups were matched in regards of cardiovascular risk factors and we found that higher serum Cu level is an important CAD risk factor.

CONCLUSION {#sec1-5}
==========

This study showed that, there is basic relationship between serum Cu level and atherosclerosis, and revealed an association between Cu level and the severity of atherosclerosis. Larger prospective cohort studies are needed to confirm our observations, and experimental data may further elucidate the biological mechanisms of the associations.
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